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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention concerns a bone screw 
assembly, and particularly an assembly useful for en- 
gagement in the vertebrae of the spine. The invention 
contemplates an assembly that is capable of supporting 
a bone engaging fastener at multiple angular orienta- 
tions with respect to an elongated member extending 
along the spine. 

[0002] Several techniques and systems have been 
developed for correcting and stabilizing the spine and 
for facilitating fusion at various levels of the spine. In one 
type of system, a bendable rod is disposed longitudinally 
along the length of the spine or vertebral column. The 
rod is preferably bent to correspond to the normal cur- 
vature of the spine in the particular region being instru- 
mented. For example, the rod can be bent to form a nor- 
mal kyphotic curvature for the thoracic region of the 
spine, or a lordotic curvature for the lumbar region. In 
accordance with such a system, the rod is engaged to 
various vertebrae along the length of the spinal column 
by way of a number of fixation elements. A variety of 
fixation elements can be provided which are configured 
to engage specific portions of the vertebra. For instance, 
one such fixation element is a hook that is configured to 
engage the laminae of the vertebra. Another very prev- 
alent fixation element is a spinal screw which can be 
threaded into various aspects of the vertebral bone. 
[0003] In one typical procedure utilizing a bendable 
rod, the rod is situated on opposite sides of the spine or 
spinous processes. A plurality of bone screws are 
threaded into a portion of several vertebral bodies, very 
frequently into the pedicles of these vertebrae. The rods 
are affixed to these plurality of bone screws to apply cor- 
rective and stabilising forces to the spine. 
[0004] One example of a rod-type spinal fixation sys- 
tem is the TSRH® Spinal System sold by Danek Medi- 
cal, Inc. The TSRH® System includes elongated rods 
and a variety of hooks, screws and bolts all configured 
to create a segmental construct throughout the spine. 
In one aspect of the TSRH® System, the spinal rod is 
connected to the various vertebral fixation elements by 
way of an eyebolt. In this configuration, the fixation ele- 
ments are engaged to the spinal rod laterally adjacent 
to the rod. In another aspect of the TSRH® System, a 
variable angle screw is engaged to the spinal rod by way 
of an eyebolt. The variable angle screw allow pivoting 
of the bone screw in a single plane that is parallel to the 
plane of the spinal rod. Details of this variable angle 
screw can be found in U.S. Patent No. 5,261 ,909 to Sut- 
terlin et al., owned by the Assignee of the present inven- 
tion. One goal achieved by the TSRH® System is that 
the surgeon can apply vertebral fixation elements, such 
as a spinal hook or a bone screw, to the spine in appro- 
priate anatomic positions. The TSRH® System also al- 
lows the surgeon to easily engage a bent spinal rod to 
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each of the fixation elements for final tightening. 
[0005] Another example of a spinal fixation system is 
described in US-A-5,551 ,871 (Besselink). The device 
described includes an elongated member, clamps for 

5 engagement around a vertebra, a receiver member in- 
cluding a channel configured to receive the elongated 
member therein and a compression member disposed 
around a portion of the receiving member, the compres- 
sion member being formed of a shape memory material. 

w [0006] Another rod-type fixation system is the Cotrel- 
Dubosset/CD Spinal System sold by Sofamor Danek 
Group, Inc. Like the TSRH® System, the CD® System 
provides a variety of fixation elements for engagement 
between an elongated rod and the spine. In one aspect 

is of the CD® System, the fixation elements themselves 
include a body that defines a slot within which the spinal 
rod is received. 

[0007] The slot includes a threaded bore into which a 
threaded plug is engaged to clamp the rod within the 

20 body of the fixation element. The CD® System includes 
hooks and bone screws with this "open-back" configu- 
ration. Details of this technology can be found in U.S. 
Patent No. 5,005,562 to Dr. Cotrel. One benefit of this 
feature of the CD® System is that the fixation element 

25 is positioned directly beneath the elongated rod. This 
helps reduce the overall bulkiness of the implant con- 
struct and minimizes the trauma to surrounding tissue. 
[0008] On the other hand, these fixation elements of 
the CD® System are capable only of pivoting about the 

30 spinal rod to achieve variable angular positions relative 
to the rod. While this limited range of relative angular 
positioning is acceptable for many spinal pathologies, 
many other cases require more creative orientation of a 
bone screw, for instance, relative to a spinal rod. Certain 

35 aspects of this problem are addressed by the variable 
angle screw of the TSRH® System, as discussed in the 
'909 Patent. However, there is a need for a bone screw 
that is capable of angular orientation in multiple planes 
relative to the spinal rod. Preferably, the bone screw is 

40 capable of various three-dimensional orientations with 
respect to the spinal rod. Screws of this type have been 
referred to as poly-axial or multi-axial bone screws. 
[0009] Others have approached the solution to this 
problem with various poly-axial screw designs. For ex- 

45 ample, in U.S. Patent No. 5,466,237 to Byrd et al., a 
bone screw is described which includes a spherical pro- 
jection on the top of the bone screw. An externally 
threaded receiver member supports the bone screw and 
a spinal rod on top of the spherical projection. An outer 

so nut is tightened onto the receiver member to press the 
spinal rod against the spherical projection to accommo- 
date various angular orientations of the bone screw rel- 
ative to the rod. While this particular approach utilizes a 
minimum of components, the security of the fixation of 

55 the bone screw to the rod is lacking. In other words, the 
engagement or fixation between the small spherical pro- 
jection on the bone screw and the spinal rod is readily 
disrupted when the instrumentation is subjected to the 
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high loads of the spine, particularly in the lumbar region. 
[001 0] The same inventors implemented a somewhat 
different approach in U.S. Patent No. 5,474,555. In this 
patent, an anchor receives a semi-spherical head of a 
bone screw within a recess. The anchor includes a rod 5 
channel transverse to the screw.recess. The anchor is 
externally threaded to receive an internally threaded 
nut. In one embodiment, the nut is threaded directly 
down onto the spinal rod to clamp the rod within the 
channel. In another embodiment, a cap is provided be- *o 
tween the rod and nut. In both embodiments, neither the 
rod nor the external not impart any clamping force onto 
the head of the bone screw. 
[001 1] In another approach shown in U.S. Patent No. 
4,946,458 to Harms et al., a spherical headed bone w 
screw is supported within separate halves of a receiver 
member. The bottom of the halves are held together by 
a retaining ring. The top of the receiver halves are com- 
pressed about the bone screw by nuts threaded onto a 
threaded spinal rod. In another approach taken by 20 
Harms et al., in U.S. Patent No., 5,207,678, a receiver 
member is flexibly connected about a partially spherical 
head of a bone screw. Conical nuts on opposite sides 
of the receiver member are threaded onto a threaded 
rod passing through the receiver. As the conical nuts are 25 
threaded toward each other, the receiver member flex- 
ibly compresses around the head of the bone screw to 
clamp the bone screw in its variable angular position. 
One detriment of the systems in the two Harms et al. 
patents is that the spinal rod must be threaded in order 30 
to accept the compression nuts. It is known that thread- 
ed rods can tend to weaken the rods in the face of severe 
spinal loads. Moreover, the design of the bone screws 
in the '458 and '678 Patents require a multiplicity of parts 
and are fairly complicated to achieve complete fixation 35 
of the bone screw. 

[0012] Two patents to Errico et al., Nos. 5,549,608 
and 5,554,157, depict two alternative approaches to 
multi-angle bone screw apparatus. The '608 Patent de- 
scribes a complicated array of components that includes 40 
a tapered lower portion defining a spherical recess to 
receive the head of a bone screw. The lower portion is 
slotted so that the lower portion can be compressed 
about the bone screw head by operation of a ring 
pushed down the tapered lower portion. A hollow cylin- 45 
drical rod securing sleeve fits over an upper portion of 
the coupling element that is operable to clamp the rod 
within the coupling element as the sleeve is pushed 
down onto the ring. The coupling element includes a 
threaded post onto which a nut is threaded that is oper- so 
able to push the sleeve down onto the rod and onto the 
ring to compress the lower portion against the bone 
screw head. Like the Harms devices described above, 
the approach in the '608 Patent involves a multiplicity of 
parts and excessive "fiddle factor" for use in a spinal sur- 55 
gery. 

[0013] The second alternative in the Errico '157 Pat- 
ent is similar to the approach taken in the Puno '555 Pat- 



ent, except that the rod contacts the spherical head of 
th bone screw in the '157 Patent. An external nut is 
threaded directly down onto the spinal rod which then 
bears directly on the bone screw head to clamp the head 
within a spherical recess. While this design offers much 
greater simplicity than the Errico '608 Patent it suffers 
from the point contact between the rod and the spherical 
head of the bone screw. It is uncertain whether this 
clamping mechanism is sufficient to maintain the rela- 
tive position between bone screw and spinal rod under 
severe spinal loads. 

[0014] In recent years, a special material known as 
"shape-memory alloy" has found its way into the field of 
medical devices. These materials are alloys of known 
metals, such as copper and zinc, nickel and titanium, 
silver and cadmium, and others, that are known to ex- 
hibit a "shape-memory" in which a particular component 
formed of a shape-memory alloy (SMA) will change 
shape upon changes in temperature. 
[0015] The shape-memory characteristics of SMAs 
occur when the alloy changes from a martensitic crystal 
phase to an austenitic crystal phase. In the martensitic 
stage, the SMA is relatively weak and pliable. As the 
temperature of the SMA component is increased above 
a transformation temperature range, the SMA trans- 
forms to its austenitic phase in which the material is rel- 
atively strong with super-elastic properties. Generally, 
the strength and super-elastic characteristics of an SMA 
tend to increase toward the high temperature end of the 
transformation temperature range and decrease toward 
the low temperature end. 

[0016] In use, an object made of an SMA is formed 
into a particular shape at a temperature that is either 
above or below the transformation temperature range. 
The object will then change shape as its temperature 
increases or decreases through that transformation 
temperature range. In the field of medical devices, a de- 
vice is formed into its in situ shape at the high temper- 
ature, or the temperature above the transformation tem- 
perature range. The device is then cooled to be provided 
to the surgeon for implantation. One known application 
of SMA technology in the medical field is a vena cava 
filter that assumes a smaller shape at its low tempera- 
ture, and then expands to its larger shape within a blood 
vessel when heated to body temperature. 
[0017] While there are many alloys that exhibit shape 
memory characteristics, one of the more common SMAs 
in the medical field is an alloy of nickel and titanium. One 
such well known alloy is NitinoKB), which has proven 
highly effective for devices placed within the human 
body because its transformation temperature range falls 
between room temperature and normal human body 
temperature. Shape-memory technology has also found 
its way into the field of orthodontics, as described in U. 
S. Patent No. 5,551 ,871 to Besselink et al. This patent 
describes face bow head gear used for aligning teeth of 
a patient in which an SMA wire is used to align and hold 
the teeth of a patient. The '871 Patent also discloses 
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devices for use in treating scoliosis including a trans- 
verse connector and bone engaging fasteners that 
clamp to an elongated rod by way of shape-memory 
characteristics. While the '871 Patent shows one use of 
SMA technology for spinal hooks and screws, the hooks 
and screws are only capable of pivoting about the axis 
of the rod. In this regard, the devices shown in the '871 
Patent are similar to the components of the CD® System 
discussed above. 

[001 8] There is a need remaining in the industry for a 
multi-axial or poly-axial bone screw that can be readily 
and securely engaged to an elongated spinal rod. Pref- 
erably, the spinal rod can be of any configuration - i.e., 
smooth, roughened, knurled or even threaded. 
[0019] This need also encompasses the goal of min- 
imizing the profile and bulk of any of the components 
used to engage the bone screw to the spinal rod in a 
variety of angular orientations. Moreover, it is desirable 
to reduce the number of components of the system that 
must be manipulated by the surgeon during a surgical 
procedure. 

DESCRIPTION OF THE FIGURES 

[0020] FIG. 1 is a side elevational view of a multi-axial 
screw assembly according to one embodiment of the 
present invention. 

[0021] FIG. 2 is a side cross-sectional view of the 
screw assembly depicted in FIG. 1. 
[0022] FIG. 3 is a side elevational view of the screw 
assembly shown in FIG. 1, with a spinal rod engaged 
within the assembly. 

[0023] FIG. 4 is a side elevational view of the assem- 
bly as shown in FIG. 3, with the assembly rotated 90° 
to show the rod extending through the multi-axial screw 
assembly. 

[0024] FIG. 5 is a side elevational view of a bone 
screw adapted for use with the multi-axial screw assem- 
bly shown in FIG. 1 . 

[0025] FIG. 6 is a top perspective view of a receiver 
member used with the multi-axial screw assembly 
shown in FIG. 1 . 

[0026] FIG. 7 is a side elevational view of the receiver 
member shown in FIG. 6. 

[0027] FIG. 8 is an end elevational view of the receiver 
member shown in FIG. 6. 

[0028] FIG. 9 is a top elevational view of a locking ring 
used with the multi-axial screw assembly shown in FIG. 
1. 

[0029] FIG. 1 0 is a top perspective view of a receiver 
member according to an additional embodiment of the 
invention. 

[0030] FIG. 1 1 is a cross-sectional view of the receiver 
member depicted in FIG. 10 . 
[0031 ] FIG. 1 2 is a side elevational view of the receiv- 
er member shown in FIG. 1 0, with a spinal rod and SMA 
ring depicted in phantom lines engaged to the receiver 
member. 



[0032] FIG. 13 is an end elevational view of the re- 
ceiver member shown in FIG. 10. 

SUMMARY OF THE INVENTION 

5 

[0033] According to the present invention there is pro- 
vided a spinal fixation assembly comprising: 

an elongated member configured for placement ad- 

10 jacent the spine; 

a bone engaging fastener, said fastener having a 
lower portion configured for engaging a vertebra; 
a receiver member including a channel having an 
upper opening at said top end of said receiver mem- 

15 ber, said channel being configured to receive said 
elongated member therein; and 
a compression member disposed around a portion 
of said receiver member, said compression member 
being formed of a shape memory material and hav- 

20 ing a first configuration at a first temperature and a 
different second configuration at a different second 
temperature in which said compression member 
contracts about said portion of said receiver mem- 
ber to thereby compress said receiver member, 

25 

characterised in that the bone engaging fastener 
has a head which is at least partially spherical in config- 
uration and the receiver member has a top end and a 
opposite bottom end, said member defining a recess for 

30 receiving said head of said bone engaging fastener 
therein, said recess having a lower opening at said bot- 
tom end of said receiver member through which said 
lower portion of said fastener extends wherein contrac- 
tion of the compression member compresses said re- 

35 ceiver member about said head of said bone engaging 
fastener within said recess 

[0034] The bone engaging fastener may be a bone 
screw. The elongated member may be a spinal rod. The 
receiver member permits fixation of the bone screw to 

40 the spinal rod at any of a plurality of angles in three- 
dimensional space relative to the rod. In other words, 
the bone screw can pivot relative to the rod about a cone 
directly beneath the spinal rod. The bone screw head is 
preferably truncated to form a flat upper surface within 

45 which a tool engaging recess is defined. 

[0035] The receiver member may define a bore there- 
through from its top end to its bottom end. The bore may 
include a recess for receiving the head of the bone 
screw, with a lower opening at the bottom end of the 

so receiver member through which a lower portion of the 
bone screw may extend to engage the spine. The re- 
ceiver member channel may be transverse to the bore 
and may communicate with the bore to receive the spi- 
nal rod. Both the bone screw and the spinal rod can be 

55 inserted into the receiver member through an upper 
opening. 

[0036] A locking ring may be provided at the bottom 
of the receiver member. The locking ring may be con- 
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figured to closely fit around the perimeter of the receiver 
member and may particularly overlap the recess within 
which the head of the bone screw resides. The locking 
ring may be formed of a shape-memory alloy (SMA) 
configured so that the locking ring has a first diameter 
that is larger than a second diameter, and in which the 
locking ring transforms from the first diameter to the sec- 
ond diameter when heated to the body temperature of 
the patient. In other words, the locking ring may contract 
with increasing temperature so that ring contracts with 
increasing temperature so that the ring presses the re- 
ceiver member against the head of the bone screw, 
thereby clamping the bone screw within the multi-axial 
screw assembly. 

[0037] The receiver member may include thin slots on 
opposite sides of the receiver to facilitate compression 
of the receiver member about the head of the bone 
screw. Opposite slots may be provided in the receiver 
member that are offset by 90° from the other slots. 
These slots may extend into the channel within which 
the spinal rod is received. A second SMA locking ring 
may be disposed over the top of the receiver member 
to apply a clamping force from the top of the receiver 
member. In this manner, the spinal rod can be engaged 
by the.receiver member as the upper SMA locking ring 
transforms to its austenitic shape. 
[0038] The receiver member may be modified to per- 
mit entry of the bone screw head from the bottom of the 
receiver member. Thus, the receiver member may be 
provided with a plurality of slots emanating from the bot- 
tom of the member The recess within the member may 
be enlarged adjacent the bottom of the receiver member 
to accept the bone screw head by expansion of the re- 
ceiver member at the slots. The slots may terminate ad- 
jacent the rod channel so that transformation of the low- 
er SMA ring will provide some clamping force to the spi- 
nal rod. In addition, the upper portion of the receiver 
member may provide further clamping force upon tem- 
perature transformation of the upper SMA ring. 
[0039] The receiver member permits fixation of a 
bone engaging fastener to an elongated member at a 
plurality of three-dimensional angular orientations rela- 
tive to the elongated member. The receiver member pro- 
vides the advantage of a solid fixation between a spinal 
rod and a bone screw, regardless of the angle between 
the two components. 

[0040] A further benefit of the present invention re- 
sides in the minimum number of components necessary 
to effect this solid fixation. Yet another benefit is 
achieved by the use of shape-memory technology to 
eliminate the need for extra mechanical fasteners and 
engagement instruments that are prevalent with prior 
devices. 

[0041 ] The assembly allows for solid fixation of a fas- 
tener at a wide range of three-dimensional angles rela- 
tive to an elongated component. The assembly has min- 
imum prominence and minimum bulk, and that readily 
supports the bone engaging fastener directly beneath 



the elongated member. Other benefits of the inventions 
will become apparently upon consideration of th follow- 
ing written description and accompanying figures illus- 
trating one embodiment of the invention. 

5 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0042] For the purposes of promoting an understand- 

10 ing of the principles of the invention, reference will now 
be made to the embodiments illustrated in the drawings 
and specific language will be used to describe the same. 
It will nevertheless be understood that no limitation of 
the scope of the invention is thereby intended, such al- 

15 terations and further modifications in the illustrated de- 
vice, and such further applications of the principles of 
the invention as illustrated therein being contemplated 
as would normally occur to one skilled in the art to which 
the invention relates. 

20 [0043] In one aspect of the invention, a spinal fixation 
assembly includes an elongated member, such as the 
spinal rod, and a multi-axial screw assembly, such as 
the assembly 10 shown in FIGS. 1 and 2. The spinal 
fixation assembly can use a multi-axial screw assembly 

25 1 o at one or more locations along the length of the spine. 
The spinal fixation assembly can be used in a variety of 
applications within the spine to address a wide range of 
spinal pathologies. For example, a fixation assembly 
can be limited to the lumbar region for fixation following 

30 a diskectomy. Alternatively, a spinal fixation assembly 
can extend substantially along the entire length of the 
spine, such as along the thoracic and lumbar regions, 
to correct a deformity, such as scoliosis. 
[0044] In other applications, a spinal fixation assem- 

35 bly implementing the present invention can provide for 
fixation and stabilization of the cervical spine, such as 
might occur following a fracture or dislocation. It is of 
course understood by a person of skill in this art that the 
components of the spinal fixation system will vary de- 

40 pending upon the region of the spine, and the treatment 
to be administered. In certain applications, a number of 
hooks will engage aspects of several vertebrae. In an- 
other fixation assembly, bone screws can be threaded 
into portions of the vertebrae, as all operating as an an- 

45 chor for an elongated member, such as a spinal rod. 
[0045] In accordance with the present invention, en- 
gagement between the elongated member and one or 
more vertebrae may require orientation of a fixation 
member at a wide range of three dimensional angles 

so relative to the elongated member. In some circumstanc- 
es, it is difficult to situate the elongated member, such 
as a spinal rod, in an optimum location relative to the 
vertebrae. In this instance, engagement of a fixation 
member to the spine may require that the fixation mem- 

55 ber assume various angles relative to the spinal rod, and 
certainly angles that may not be achieved by prior de- 
vices and systems. 

[0046] Referring now to FIGS. 1 and 2, a multi-axial 
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screw assembly 10 according to one embodiment of the 
invention is illustrated. The assembly 1 0 includes a bone 
screw 11 that is mounted within a receiver member 12. 
In the preferred embodiment, a pair of shape-memory 
alloy (SMA) locking rings 13 are provided to clamp the 
receiver member 12 about at least the bone screw 11. 
A use of the screw assembly 10 as part of a spinal fix- 
ation system is depicted in FIGS. 3 and 4. In this partic- 
ular spinal fixation system or assembly, the elongated 
member is a spinal rod R that extends through the re- 
ceiver member 12. As shown specifically in FIG. 3, the 
bone screw 11 is capable of assuming a range of angles 
up to an angle A relative to the spinal rod. It is under- 
stood that the bone screw can sweep through a cone 
defined at the angle A, although the angle is only depict- 
ed in the plane of the paper in the figure. 
[0047] Details of the bone screw 1 1 are shown in FIG. 
5. In particular, the bone screw 11 includes a threaded 
shank 15 that carries threads configured to engage the 
bone of a vertebra. In one specific embodiment, the 
threads can be cancellous threads that are configured 
to engage the vertebral body. The bone screw 11 also 
includes a head 16 that is preferably at least partially 
spherically shaped. In one specific embodiment, the 
head 16 includes a flat surface 16a within which is de- 
fined a tool receiving recess 17. The tool receiving re- 
cess 17 can be configured to accept any type of known 
driving tool. In the specific embodiment, the tool receiv- 
ing recess 17 is a hex recess to receive the hex end of 
a driving tool. The tool receiving recess 17 allows for 
insertion of the bone screw 11 into the vertebra. 
[0048] The head 1 6 of bone screw 1 1 is preferably 
substantially spherically shaped to include a spherical 
surface 18. The spherical surface 18 provides for bear- 
ing contact with the receiver member 1 2 so that the bone 
screw can be arranged at a variety of angular orienta- 
tions relative to the receiver member, with and without 
the spinal rod R extending therethrough. In a further as- 
pect of the bone screw 11, an annular relief 19 is pro- 
vided between the spherical head 16 and the threaded 
shank 15. Referring back to FIGS. 1 and 2, it can be 
seen that that annular relief 1 9 allows the bone screw 
1 1 to have a wider range of movement within the receiv- 
er member 12 and helps avoid contact between the 
shank of the bone screw and the bottom of the receiver 
member. 

[0049] Details of the receiver member 1 2 can be dis- 
cerned from FIGS. 6-8. In one specific embodiment, the 
receiver member 12 defines a spherical recess 26 ad- 
jacent the bottom end of the member. The recess is pref- 
erably at least partially spherical, as shown more clearly 
in FIG. 2. In the specific embodiment, the spherical re- 
cess 26 has a diameter that is substantially equal to the 
diameter of the spherical surface 1 8 of the head of the 
bone screw 11 . In addition, in the specific embodiment, 
the spherical recess 26 contacts only a portion of the 
spherical surface 18 of the bone screw 11. In the illus- 
trated embodiment, this contact amounts to about one- 



third of the spherical surface 18. 
[0050] Returning to FIGS. 6-8, it can be seen that the 
receiver member 1 2 includes a flared opening 27 at the 
bottom of the member. Again looking back to FIG. 2, this 

5 flared opening 27 can be seen as providing for an en- 
hanced range of movement of the bone screw 11 as the 
spherical head 16 pivots within the spherical recess 26. 
In accordance with the preferred embodiment, the flared 
opening 27 communicates with the spherical recess 26 

10 at a diameter that is less than the largest diameter of the 
spherical head 16 of the bone screw 11 . In this manner, 
the bone screw 11 will not pass through the bottom of 
receiver member 12. 

[0051] In one embodiment, the receiver member fur- 

15 ther defines a central bore 25 extending from the top of 
the member to the recess 26. In this specific embodi- 
ment, the central bore 25 has a diameter that is approx- 
imately equal to the diameter of the spherical recess 26, 
or more particularly the diameter of the head 16 of the 

20 bone screw 1 1 . The bone screw can be inserted into the 
receiver member 12 through an upper opening 28. The 
screw 11 passes through the bore 25 so that the head 
16 of the bone screw can be pressed into the spherical 
recess 26 at the base of bore 25. As also shown in FIG. 

25 2, the bore 25 can also allow access for a driving tool to 
engage the tool receiving recess 17 of the bone screw 
11 . In this manner, the bone screw can be threaded into 
a vertebra with the screw provisionally retained within 
the receiver member 12. 

30 [0052] Looking again at FIGS. 6-8, it can be seen that 
the receiver member 12 has the general configuration 
of a cylinder having truncated side walls. In the preferred 
embodiment, the receiver member 1 2 includes opposite 
curved side walls 30 separated by opposing flat side 

35 walls 32. The flat side walls 32 define a rod channel 33 
that extends transversely across bore 25 in the receiver 
member 12. An angled guide wall 34 can be formed on 
top of each of the curved side walls 30 to guide a spinal 
rod R (FIG. 3) through the upper opening 28 and into 

to the rod channel 33. In accordance with a specific em- 
bodiment, the rod channel 33 is substantially circular 
and has a diameter that is substantially equal to the out- 
er diameter of the spinal rod R to be disposed within the 
channel. The flat side walls 32 also define a linear chan- 

45 nel 35 communicating between the rod channel 33 and 
the upper opening 28. Preferably, the linear channel 35 
defines a width that is slightly smaller than the diameter 
of the rod channel 33 and than the largest diameter of 
the spinal rod R to be disposed within the rod channel 

so 33. In this manner, the spinal rod can be at least provi- 
sionally held within the rod channel 33 prior to tightening 
of the locking rings 13 about the receiver member 12. 
In a specific embodiment, the width of the linear channel 
35 is less than the diameter of the bore 25. 

55 [0053] The preferred embodiment contemplates a re- 
ceiver member 1 2 that is split at a pair of opposite upper 
slots 36 and a pair of opposite lower slots 37. In one 
embodiment, the upper slots 36 are defined from the 
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base of the rod channel 33. The upper slots 36 permit 
slight contraction of the upper portion of the receiver 
member 12 about a spinal rod R disposed within the rod 
channel 33. Moreover, the upper slots 36 also permit 
slight expansion of the receiver member and particular s 
the bore 25 during insertion of the bone screw 11 and 
linear channel 35 during insertion of the rod R from the 
upper opening 28. 

[0054] In the present embodiment, the lower slots 37 
are disposed at the bottom of the receiver member 12 10 
and intersect the flared opening 27 and the spherical 
recess 26, in accordance with the preferred embodi- 
ment. The lower slots 37 allow contraction of the lower 
portion of the receiver member 12 about the head 16 of 
the bone screw 11. As shown in FIGS. 6-8, the upper 15 
slots 36 are offset by 90° relative to the lower slots 37. 
More particularly, the upper slots 36 are defined in the 
flat side walls 32, while the lower slots 37 are defined in 
the curved side walls 30. 

[0055] In the preferred embodiment, the receiver 20 
member 12 defines features for supporting the pair of 
SMA locking rings 1 3. In one specific embodiment, an 
upper engagement groove 39 is defined within the 
curved side walls 30 at the top of the receiver member 
1 2. A lower engagement groove 40 is also defined in the 25 
curved side walls 30 at the bottom of the receiver mem- 
ber 12. Preferably, the upper and lower grooves 39, 40 
are configured to closely receive a corresponding lock- 
ing ring 1 3 thereabout. An upper lip 41 is provided at the 
upper end of the engagement groove 39 to retain a lock- 30 
ing ring 13 at the top of receiver member 12. Likewise, 
a lower lip 42 helps retain a locking ring 1 3 at the bottom 
of the receiver member 12. 

[0056] In the specific embodiment of the invention, the 
lower engagement groove 40 is situated within the same 35 
plane as the spherical recess 26. In this manner, when 
the locking ring 1 3 at the bottom of the receiver member 

1 2 contracts, the greatest amount of force will be applied 
directly from the receiver member 1 2 through the recess 

26 to the spherical head 1 6 of the bone screw 1 1 . Again *o 
in the specific embodiment, the upper engagement 
groove 39 is situated as close to the top of the receiver 
member 12 as possible so that upon contraction of the 
upper locking ring 13, the receiver member 12 wraps 
slightly around the spinal rod R to clamp the rod within 45 
the rod channel 33. 

[0057] In one feature of the present invention, each of 
the locking rings 13 has a substantially similar configu- 
ration. As shown in FIG. 9, the locking rings 13 are sub- 
stantially rectangular with curved end walls to substan- so 
tially conform to the truncated cylindrical configuration 
of the receiver member 12. In other words, each of the 
locking rings 13 includes opposite curved walls 45 sep- 
arated by opposite flat walls 46. Preferably, the locking 
rings 1 3 define an opening 47 between the walls 45, 46 ss 
that conforms to the upper engagement groove 39 and 
lower engagement groove 40. Also preferably, the ring 

13 has an effective diameter between the curved walls 



45 that is substantially equal to the diameter of the en- 
gagement grooves 39, 40 when the SMA locking ring 1 3 
is in its martensitic or room temperature state. 
[0058] When the locking ring 13, and particularly the 
screw assembly 10, is placed within the patient, the 
body temperature of the patient will increase the tem- 
perature of the locking rings 13. As the temperature in- 
creases past the transformation temperatur range, the 
locking rings 13 move from their martensitic to their 
austenitic phases. In the austenitic phase at the higher 
temperature, the locking rings 1 3 deform to a smaller 
size, as reflected by the curved walls 45* and flat walls 
46'. The locking ring 13 in the upper groove 39 can be 
formed so that only the flat walls 46 shorten, while lock- 
ing ring for the lower groove 40 can be formed so that 
only the curved walls 45 shorten. In this manner, the 
curved walls 45 of the upper locking ring can press the 
curved side walls 30 of the receiver member 12 toward 
each other and about the spinal rod R as the flat walls 
shorten. Likewise, the shortening of the curved walls 46 
of the lower locking ring can cause the side walls 46 of 
the ring to press the side walls 32 of the receiver mem- 
ber 12 together about the screw head. 
[0059] In accordance with the present invention, the 
multi-axial screw assembly 10 is initially provided with 
the spherical head 16 of the bone screw 11 disposed 
within the spherical recess 26 of the receiver member 
12. In addition, a locking ring 13 is situated within the 
lower engagement groove 40 to loosely retain the bone 
screw within the receiver member. This initially assem- 
bled arrangement can be introduced to the surgical site 
and the bone screw 11 threaded into the vertebra ac- 
cording to the protocol for the particular spinal proce- 
dure. As indicated above, a driving tool can pass 
through the bore 25 of the receiver member 1 2, with the 
bore being substantially aligned with the tool receiving 
recess 1 7 in the head of the bone screw. Preferably, the 
bone screw 11 is driven into the vertebra to a recom- 
mended depth for adequate fixation, but preferably not 
so deep that the bottom of the receiver member 12 will 
contact or press against the vertebral bone. In order for 
the multi-axial capability of the assembly 10 to be real- 
ized, the receiver member 12 must be free to pivot in 
three dimensions about the head 16 of the bone screw 
11. 

[0060] Once the bone screw has been adequately 
fixed within the vertebra, the spinal rod R can be intro- 
duced into the rod channel 33, as shown in FIG. 3. It 
should be noted that the receiver member 12 is config- 
ured so that the spinal rod R does not contact the bone 
screw 11, regardless of the relative angle between the 
rod, receiver member 12 and bone screw head 16. In- 
stead, the rod R is supported in the rod channel 33 by 
the flat side walls 32. With the rod properly positioned, 
the second locking ring 1 3 can be disposed on the re- 
ceiver member 1 2, and particularly in the upper engage- 
ment groove 39. 

[0061 ] It is understood that the locking rings 1 3 are at 
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least initially at or below room temperature. Once the 
first locking ring 13 is situated within the patient upon 
insertion of the bone screw 11, the temperature of the 
locking ring 1 3 and the lower engagement groove 40 will 
increase. Once that temperature increases beyond the 5 
transformation temperature range of th SMA, the lock- 
ing ring 1 3 will contract to the shape shown in FIG. 9 as 
indicated by curved walls 45' and flat walls 46'. At this 
point, the spherical head 16 of the bone screw 11 will 
be firmly clamped within the spherical recess 26 of the 
receiver member 12. 

[0062] Substantially concurrently, the locking ring 13 
in the upper engagement groove 39 will also contract as 
its temperature increases above the transformation 
temperature range. At that point, then, the receiver 
member 12 will be contracted about the spinal rod R to 
firmly clamp the spinal rod within the rod channel 33. 
Once both SMA locking rings 13 have moved to their 
austenitic phase, the multi-axial screw assembly 10 is 
firmly clamped and the bone screw 11 is solidly fixed to 
the spinal rod R. It can be seen that the present invention 
provides a screw assembly 1 0 that offers a low profile 
and minimum prominence. In particular, the bone screw 
is attached to the spinal rod directly beneath the rod, or 
in line between the rod and the vertebra. The overall bulk 
or prominence of the present invention is minimised by 
the use of the SMA locking rings 1 3, which is in contrast 
to the prior devices which require some form of external 
cap or nut threaded onto the top of a receiver member. 
[0063] The present invention provides a screw as- 
sembly that can be tightened from the top, meaning that 
the bone screw 11 can be threaded onto the vertebra 
from the top. In addition, the spinal rod is loaded from 
the top, which can greatly simplify a spinal surgical pro- 
cedure. In accordance with one feature of the invention, 
the rod does not need to be preloaded into the receiver 
member 12. Moreover, the multi-axial capability allows 
a bone screw to be connected with a spinal rod with min- 
imal contouring of the rod being necessary. 
[0064] In one specific embodiment of the invention, 
the bone screw 11 is configured for engagement in the 
lumbar spine and has an overall length of about 
5.4004cm (2.126 inches). The spherical head 16 and 
particularly the spherical surface 18 of the bone screw 
has an outer diameter of about 0.8001cm (0.315 inch- 
es), while the annular relief 19 has a diameter of about 
0.5994cm (0.236 inches). 

[0065] Further in accordance with a specific embodi- 
ment, the receiver member 12 has an overall height of 
about 1 .54686cm (0.609 inches). The receiver member 
defines a bore 25 having a diameter of about 0.7493cm 
(0.295 inches), which is slightly smaller than the outer 
diameter of the spherical head 1 6 of the bone screw 1 1 . 
On the other hand, the spherical recess 26 has a diam- 
eter of approximately 0.8001cm (0.315 inches) to cor- 
respond to the outer diameter of the head of the bone 
screw 1 1 . The flared opening 27 of the receiver member 
12 increases to an opening diameter of 1 .016cm (0.400 



inches), in the specific embodiment. Also in the specific 
embodiment, the receiver member 12 has a width be- 
tween the flat side walls 32 of 0.89916cm (0.354 inch- 
es). This corresponds to the room temperature distance 
between the flat walls 46 of the locking rings 13. Simi- 
larly, the receiver member 1 2 has a maximum dimension 
between the curved side walls 30 of 1 .17348cm (0.462 
inches) at the upper and lower engagement grooves 39, 
40. This dimension is substantially the same as the max- 
imum distance between the curved walls 45 of the lock- 
ing rings 13 in their room temperature configuration. 
[0066] In the preferred embodiment, the upper slots 
36 and lower slots 37 have a width of about 0.0508cm 
(0.020 inches), which means that the receiver member 
12 can contract over that distance at the respective 
slots. Thus, in order for the receiver member 1 2 to con- 
tract at the slots 36, 37 extent, the flat walls 46 of the 
locking rings 13 must shrink by about 0.0508cm (0.020 
inches). This change in length amounts to about a 4% 
reduction in the overall length of each of the flat walls 
46. This percentage reduction is typical for many med- 
ical grade SMAs; however, other SMAs could be used 
having different transformation capabilities. In the spe- 
cific embodiment, the locking rings 1 3 are formed in Niti- 
nol*. 

[0067] In an alternative embodiment of the invention, 
a modified receiver member 52 is provided as shown in 
FIGS. 10-13. In this embodiment, the receiver member 
52 includes a bore 55 extending through a small portion 
of the center of the receiver member. The bore opens 
into a spherical recess 56 that is configured so that the 
recess has a maximum diameter that is larger than the 
maximum diameter of the bore 55. In one specific em- 
bodiment, the recess has a diameter of about 0.81 28cm 
(0.320 inches) to accommodate a similarly sized bone 
screw head, while the bore 55 has a diameter of about 
0.635cm (0.250 inches). 

[0068] The recess 56 is only partially spherical, mean- 
ing that It does not extend entirely around the spherical 
head of a bone screw disposed within the recess. The 
recess 56 opens to the bottom of the receiver member 
at a flared opening 57. In the present embodiment, the 
recess contacts about half of the surface area of the 
bone screw, with the greater amount of contact at the 
upper hemisphere of the recess. In one specific embod- 
iment, the recess 56 intersects the bore 55 at the bore's 
diameter of 0.635cm (0.250 inches). At the lower end of 
the recess, the recess 56 intersects the flared opening 
57 at a diameter that is greater than the diameter of the 
bore, namely about 0.7747cm (0.305 inches). 
[0069] An upper opening 58 is provided at the top end 
of the receiver member, in one specific embodiment, 
preferably to permit insertion of the spinal rod. In this 
alternative embodiment, the bone screw, which can be 
the bone screw 11 described above, is loaded into the 
receiver member 52 from the bottom of the member. 
Thus, the upper opening 58 need not be provided for 
insertion of the bone screw, as in the embodiment of 
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FIGS. 1-9. Likewise, the bore 55 may be eliminated un- 
less it is needed for access by a screw insertion tool. 
[0070] In accordance with this alternative embodi- 
ment, the receiver member 52 includes curved sid 
walls 60 and fiat side walls 62 similar to the receiv r 
member 12. Likewise, the member 52 includes a rod 
channel 63 defined in the side walls that intersects a 
portion of the bore 55. The rod channel 63 opens to a 
linear channel 65 that incorporates angled guide wails 
64 at the top end of the receiver member. In this embod- 
iment, the linear channel 65 has a width that is substan- 
tially equal to the diameter of the bore 55 and rod chan- 
nel 63. 

[0071] As in the previous embodiment, the receiver 
member 52 is adapted to receive SMA locking rings at 
the top and bottom of the member. Thus, the receiver 
member 52 includes upper and lower engagement 
grooves 69, 70 defined by upper and lower lips 71 , 72. 
An SMA locking ring 13 fits into each of the grooves 69, 
70 and operates in the thermally responsive manner de- 
scribed above to contract about the receiver member. 
[0072] In a further modification from the prior embod- 
iment, the receiver member 52 includes short slots 66 
defined in the flat side walls 62, and long slots extending 
from the bottom of the receiver in the curved side walls 
60. In accordance with the present embodiment, the one 
short slot is provided in each flat side wall 62 that ema- 
nates from the bottom of the receiver member and that 
terminates generally in the middle of the spherical re- 
cess 56. On the other hand, the three long slots are pro- 
vided in the curved side walls 60. The long slots extend 
from the bottom of the receiver member and terminate 
adjacent the level of the bottom of the rod channel 63. 
[0073] The receiver member 52 of the embodiment in 
FIGS. 10-13 permits bottom loading of the bone screw 
by brief expansion of the spherical recess 56 and flared 
opening 57 at the slots 66 and 67. The lower SMA lock- 
ing ring 13 can be added once the bone screw head is 
situated within the recess 56 by slightly compressing the 
receiver member at the slots 66, 67. Contraction of the 
lower SMA locking ring 13 due to temperature change 
again operates to compress the receiver member at the 
lower engagement groove 70 by closing the slots. In one 
specific embodiment, only the short slots 66 in the flat 
side walls 62 will close to clamp the bone screw head 
within the spherical recess 56. In another embodiment, 
the long slots 67 will also collapse upon a size reduction 
of the SMA locking ring. 

[0074] Fixation of a spinal rod within the receiver 
member of this embodiment can be accomplished in 
many ways. First, referring to FIG. 12, it can be seen 
that an SMA locking ring 13* disposed in the upper en- 
gagement groove 69 will directly abut the rod R' dis- 
posed within the rod channel 63. In this respect, the up- 
per groove 69 and locking ring 13* is situated closer to 
the rod channel 63, and consequently the spinal rod R\ 
than with the previous embodiment. Fixation of the rod 
R' within the rod channel 63 can also be effect d by com- 



pression of the upper portion of the receiver member, 
and particularly the upper portion of the curved side 
walls 60, by SMA contraction of the upper locking ring 
1 3'. Finally, additional compression of the receiver mem- 
5 ber 52 can be accomplished by contraction of the SMA 
locking ring in the lower engagement groove which con- 
tract the slots 66 and 67. 

[0075] While the invention has been illustrated and 
described in detail in the drawings and foregoing de- 
10 scription, the same is to be considered as illustrative and 
not restrictive in character, it being understood that only 
the preferred embodiments have been shown and de- 
scribed. 

[0076] For example, while the preferred embodiment 
15 contemplates a bone screw, such as screw 1 1 , other 
bone engaging fasteners are contemplated. The multi- 
axial capabilities can be equally applicable to a vertebral 
hook, for example. Further, the components of the multi- 
axial screw assembly 10 can be sized according to the 
20 portion of the spine within which the assembly is to be 
used. In the illustrated embodiment, the components 
are dimensioned for use in the lumbar spine. It is under- 
stood that smaller components would be required in the 
thoracic and cervical spine, while the multi-axial move- 
rs ment capabilities can be equally well suited throughout 
the entire length of the spine. Further, while the invention 
is described for engagement to an elongated cylindrical 
rod, other elongated members are contemplated. 



30 

Claims 

1. A spinal fixation assembly (10) comprising: 

35 an elongated member (R,R') configured for 

placement adjacent the spine; 
a bone engaging fastener (11), said fastener 
(11) having a lower portion (15) configured for 
engaging a vertebra; 

to a receiver member (1 2,52) including a channel 

(33,63) having an upper opening (28,58) at said 
top end of said receiver member (12,52), said 
channel (33,63) being configured to receive 
said elongated member (R,R') therein; and 

45 a compression member (13,13') disposed 

around a portion of said receiver member 
{1 2,52), said compression member {1 3, 1 3') be- 
ing formed of a shape memory material and 
having a first configuration at a first tempera- 

50 ture and a different second configuration at a 

different second temperature in which said 
compression member (13,13') contracts about 
said portion of said receiver member (1 2,52) to 
thereby compress said receiver member 

55 (12,52), 

characterised In that the bone engaging fas- 
tener (11) has a head (16) which is at least partially 
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spherical in configuration and the receiver member 
(1 2,52) has a top end and an opposit bottom end, 
said member (12,52) defining a recess (26,56) for 
receiving said head (1 6) of said bone engaging fas- 
t ner (11) therein, said r cess (26,56) having a low- 5 
er opening (27,57) at said bottom end of said re- 
ceiver member (12,52) through which said lower 
portion (15) of said fastener (11) extends wherein 
contraction of the compression member (13,13*) 
compresses said receiver member (12,52) about to 
said head (16) of said bone engaging fastener (11) 
within said recess (26,56). 



ceiver member (12,52) adjacent said bottom 
end thereof; and 

said receiver member (12,52) defines an outer 
annular upper groove (39,69) adjacent said top 
end, said groove (39,69) configured to receive 
said compression member (13,13*) wh n said 
compression member (13,13*) is in said first 
configuration. 

7. The spinal fixation assembly (1 0) according to claim 
1, 

wherein: 



2. The spinal fixation assembly (10) according to claim 
1, wherein said head (16) of said bone engaging 
fastener (11) includes a truncated upper surface 
(16a), and defines a tool receiving recess (17) 
through said upper surface (16a). 

3. The spinal fixation assembly (1 0) according to claim 
1 , wherein: 

said recess (26, 56) is disposed within said re- 
ceiver member (12,52) adjacent said bottom 
end thereof; and 

said receiver member (12,52) defines an outer 
annular lower groove (40,70) adjacent said bot- 
tom end, said groove (40,70) configured to re- 
ceive said compression member (13) when 
said compression member (13) is in said first 
configuration. 

4. The spinal fixation assembly (10) according to claim 
3, 

wherein: 

said receiver member (12,52) includes an outer 
annular upper groove (39,69) adjacent said top 
end thereof; and 

said assembly includes a second compression 
member (13,13*) configured to be received 
within said upper groove (39,69). 

5. The spinal fixation assembly (1 0) according to claim 
4, wherein said second compression member 
(1 3,1 3') is formed of a shape memory material hav- 
ing a first configuration to be received within said 
upper groove (39,69) at substantially said first tem- 
perature and a different second configuration at 
substantially said different second temperature in 
which said second compression member (13,13*) 
contracts about said receiver member (12,52). 

6. The spinal fixation assembly (10) according to claim 
1, 

wherein: 

said recess (26,56) is disposed within said re- 



said recess (26,56) is disposed adjacent said 
15 bottom end of said receiver member (12,52); 

and 

said channel (33,63) is disposed adjacent said 
top end of said receiver member (12,52) and is 
disposed apart from said recess (26,56) so that 
20 said head (1 6) of said bone engaging fastener 

(11) does not intersect said channel (33,63) 
when said head (1 6) is disposed within said re- 
cess (26,56). 

25 8. The spinal fixation assembly (1 0) according to claim 
7, 

wherein: 

said assembly (10) further includes a second 

30 compression member (13,13*) formed of a 

shape memory material having a first configu- 
ration at substantially said first temperature and 
a different second configuration at substantially 
said different second temperature in which said 

35 second compression member (13,13*) con- 

tracts about said receiver member (1 2,52); and 
said receiver member defines an outer annular 
upper upper groove (39,69) adjacent said top 
end thereof, said upper groove (39,69) config- 

^0 ured to receive said second compression mem- 

ber (13,13*) therein when said second com- 
pression member (1 3,1 3') is in said first config- 
uration, whereby said second compression 
member (13,13*) contracts about said receiver 

^5 member (12,52) in said different second con- 

figuration to compress said receiver member 
(12,52) about said elongated member (R,R*) 
disposed within said channel (33,63). 

so 9. The spinal fixation assembly (10) according to claim 
1, wherein said receiver member (12,52) includes 
opposite first side walls (32,62) defining said chan- 
nel (33,63) and opposite second side walls (30,60) 
intermediate said first side walls (32,62). 

55 

1 0. The spinal fixation assembly (1 0) according to claim 
9, wherein said receiver member (12,52) includes 
a first slot (37,67) defined in each of said opposite 
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second side walls (30,60), each said first slot 
(37,67) extending from said bottom end toward said 
top end of said receiver member (12,52). 

1 1 . The spinal fixation assembly (1 0) according to claim 

10, wherein each said first slot (37,67) intersects 
said recess (26,56). 

1 2. The spinal fixation assembly (1 0) according to claim 

11, wherein each said first slot (37) terminates at 
said recess (26). 

13. The spinal fixation assembly (1 0) according to claim 
10, wherein said receiver member (12) includes a 
second slot (36) defined in each of said opposite 
side walls (32), each said second slot (36) extend- 
ing from said channel (33) toward said bottom end 
of said receiver member (12). 

1 4. The spinal fixation assembly (1 0) according to claim 

13, wherein each said second slot (36) intersects 
said recess (26). 

1 5. The spinal fixation assembly (1 0) according to claim 

14, wherein each said second slot (36) terminates 
at said recess (26). 

1 6. The spinal fixation assembly (1 0) according to claim 
13, wherein each said first slot (37) intersects said 
recess (26). 

17. The spinal fixation assembly (1 0) according to claim 
16, wherein each said first slot (37) terminates at 
said recess (26). 

1 8. The spinal fixation assembly ( 1 0) according to claim 
10, wherein said receiver member (52) includes a 
second slot (66) defined in each of said opposite 
first side walls (60) each said second slot (66) ex- 
tending from said bottom end toward said top end 
of said receiver member (52). 

19. The spinal fixation assembly (10) according to claim 
18, wherein each said second slot (66) intersects 
said recess (56). 

20. The. spinal fixation assembly (10) according to 
claim 1 9, wherein each said second slot (66) termi- 
nates between said recess (56) and said top end of 
said receiver member (52). 

21 . The spinal fixation assembly (1 0) according to claim 
20, wherein each said second slot (66) terminates 
adjacent said channel (63). 

22. The spinal fixation assembly (1 0) according to claim 
9, wherein said receiver member (12) includes a 
second slot (36) defined in each of said opposite 



first side walls (32), each said second slot (36) x- 
tending from said channel (33) toward said bottom 
end of said receiver member (12). 

5 23. The spinal fixation assembly (1 0) according to claim 
21, wherein each said second slot (36) intersects 
said recess (26). 

24. The spinal fixation assembly (1 0) according to claim 
10 9, wherein said receiver member (52) includes a 

second slot (66) defined in each of said opposite 
first side walls (62), each said second slot (66) ex- 
tending from said bottom end toward said top end 
of said receiver member (52). 

15 

25. The spinal fixation assembly (1 0) according to claim 

24, wherein each said second slot (66) intersects 
said recess (56). 

20 26. The spinal fixation assembly (1 0) according to claim 

25, wherein each said second slot (66) terminates 
between said recess (56) and said top end of said 
receiver member (52). 

25 27. The spinal fixation assembly (1 0) according to claim 

26, wherein each said second slot (66) terminates 
adjacent said channel (63). 

28. The spinal fixation assembly (1 0) according to claim 
30 g, wherein said opposite first side walls (32,62) are 

substantially flat and said opposite sidewails 
(30,60) are curved. 

29. The spinal fixation assembly (1 0) according to claim 
35 1, 

wherein: 

said elongated member (R,R') is a rod having 
a rod diameter; and 
40 said channel (33,63) has a channel diameter 

substantially equal to said rod diameter. 

30. The spinal fixation assembly (1 0) according to claim 
29, wherein said upper opening (28,58) of said 

45 channel (33,63) has a width that is less than said 
rod diameter. 

31 . The spinal fixation assembly (1 0) according to claim 
29, wherein said upper opening (28,58) of said 

so channel (33,63) has a width that is approximately 
equal to said rod diameter. 

32. The spinal fixation assembly (1 0) according to claim 
1 , wherein said receiver member (1 2,52) further de- 

55 fines a flared opening (27,57) from said recess 
(26,56) to said bottom end of said member (12,52). 

33. The spinal fixation assembly (1 0) according to claim 
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1 , wherein said receiver member (1 2,52) further de- 
fines a bore (25,55) extending from said top end of 
said receiver (12,52) and communicating with said 
recess (26,56), said bore (25,55) intersecting said 
channel (33,63) and having a bore diameter. 

34. The spinal fixation assembly (1 0) according to claim 
33, 

wherein: 

said elongated member (R,R*) is a rod having 
rod diameter; and 

said channel (33,63) has a channel diameter 
substantially equal to said rod diameter. 

35. The spinal fixation assembly (1 0) according to claim 
34, wherein said bore diameter is greater than said 
channel diameter. 

36. The spinal fixation assembly (1 0) according to claim 
34, wherein said bore diameter is approximately 
equal to said channel diameter. 

37. The spinal fixation assembly (1 0) according to claim 
33, wherein said receiver member (12,52) further 
defines a flared opening (27,57) from said recess 
(26,56) to said bottom end of said member (1 2,52). 

38. The spinal fixation assembly (1 0) according to claim 
37, wherein said flared opening (57) intersects said 
recess (56) at a lower diameter greater than said 
bore diameter. 

39. The spinal fixation assembly (1 0) according to claim 
37, wherein said flared opening (27) intersects said 
recess (26) at a lower diameter substantially equal 
to said bore diameter. 

40. The spinal fixation assembly (1 0) according to claim 
1 , wherein a portion (34,64) of said upper opening 
(28,58) of said channel (33,63) is angled outwardly 
from said channel (33,63). 

41 . The spinal fixation assembly (1 0) according to claim 
1, 

wherein: 

said receiver member (12,52) defines a groove 
(39,40;69,70); and 

said compression member (13,13*) is a ring 
sized to fit within said groove (39,40;69,70). 

42. The spinal fixation assembly (1 0) according to claim 
41, 

wherein: 

a portion of said groove (39,40;69,70) is flat and 
a remaining portion of said groove (39,40; 



69,70) is curved; and 

said ring (13,13') includes flat and curved por- 
tions substantially corresponding to said flat 
and curved portions of said lower groove 
5 (40,70). 

43. The spinal fixation assembly (1 0) according to claim 
42, wherein said ring (13,13') is a closed ring that 
entirely encircles said receiver member (12,52) at 
10 said groove (39,40;69,70). 



Patentanspruche 

15 1 . Anordnung (1 0) zur spinalen Befestigung, mit: 



einem veriangerten Element (R, R'), das aus- 
gelegt ist, urn neben der Spina angeordnet zu 
werden; 

einem mit einem Knochen im Eingriff stehen- 
den Befestigungselement (11 ), das einen unte- 
ren Teil (1 5) aufweist, der ausgelegt ist urn mit 
einem Wirbel im Eingriff zu stehen; 
einem Aufnahmeelement (12, 52), das einen 
Kanal (33, 63) aufweist, mit einer oberen Off- 
nung (28, 58) an dem oberen Ende des Aufnah- 
meelementes (1 2, 52), wobei der Kanal (33, 63) 
so ausgelegt ist, dass er das verlangerte Ele- 
ment (R, R') darin aufnehmen kann; und 
einem Kompressionselement (13, 13'), das urn 
einen Teil des Aufnahmeelementes (12, 52) 
herum angeordnet ist, wobei das Kompressi- 
onselement (13, 13') aus einem Material mit ei- 
nem Formgedachtnis hergestellt ist und eine 
erste Konfiguration bei einer erstenTemperatur 
annimmt und eine verschiedene zweite Konfi- 
guration bei einer verschiedenen zweiten Tem- 
peratur annimmt, bei welcher das Kompressi- 
onselement (13, 13') sich uber dem besagten 
Teil des Aufnahmeelementes (12, 52) zusam- 
menzieht, um auf diese Weise das Aufnahme- 
element (12, 52) zusammenzudrucken, 
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dadurch gekennzeichnet, dass das mit ei- 
nem Knochen im Eingriff stehende Befestigungs- 
element (11 ) einen Kopf (16) besitzt, der zumindest 
teilweise spharisch in der Konfiguration ist, und 
dass das Aufnahmeelement (1 2, 52) ein oberes En- 
de und ein entgegengesetztes Ende am Boden auf- 
weist, wobei das Element (12, 52) eine Vertiefung 
(26, 56) definiert, um den Kopf (16) des mit einem 
Knochen im Eingriff stehenden Befestigungsele- 
mentes (11) darin aufzunehmen, wobei die Vertie- 
fung (26, 56) eine untere Offnung (27, 57) an dem 
Ende am Boden des Aufnahmeelementes (12, 52) 
aufweist, durch welche der untere Teil (15) des Be- 
festigungselementes (11) sich hindurch erstreckt, 
wobei die Kontraktion des Kompressionselementes 
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(13, 13') das Aufnahmeelement (12, 52) um den 
Kopf (16) des mit einem Knochen im Eingriff ste- 
henden Befestigungselementes (11) herum im In- 
nem der Vertiefung (26, 56) zusammendrGckt. 

5 

2. Anordnung (10) zur spinalen Befestigung gemass 
Anspruch 1, bei welcher der Kopf (16) des mit ei- 
nem Knochen im Eingriff stehenden Befestigungs- 
elementes (11) eine abgestumpfte obere Oberfia- 
che (1 6a) aufweist und durch diese obere Oberf 13- io 
che (16a) einen Einschnitt (17) zur Aufnahme eines 
Werkzeuges definiert 

3. Anordnung (10) zur spinalen Befestigung gemass 
Anspruch 1 , bei welcher: 15 

die Vertiefung (26, 56) innertialb des Aufnah- 
meelementes (12, 52) in der Nachbarschaft 
des Endes am Boden desselben angeordnet 
ist; und 20 
das Aufnahmeelement (12, 52) eine auBere, 
ringformige, untere Rille (40, 70) in der Nach- 
barschaft des Endes am Boden definiert, wobei 
die Rille (40, 70) so ausgelegt ist, dass sie das 
Kompressionselement (13) aufnehmen kann, 25 
wenn sich das Kompressionselement (13) in 
der ersten Konfiguration befindet. 



ist; und 

das Aufnahmeelement (12, 52) eine auBere, 
ringf6rmige, obere Rille (39, 69) in der Nach- 
barschaft des oberen Endes definiert, wobei 
die Rille (39, 69) so ausgelegt ist, dass sie das 
Kompressionselement (13, 13') aufnehmen 
kann, wenn sich das Kompressionselement 
(13,1 3') in seiner ersten Konfiguration befindet. 

7. Anordnung (10) zurspinalen Befestigung gemass 
Anspruch 1 , bei welcher; 

die Vertiefung (26, 56) in der Nachbarschaft 
des Endes am Boden des Aufnahmeelementes 
(12, 52) angeordnet ist; und 
der Kanal (33, 63) in der Nachbarschaft des 
oberen Endes des Aufnahmeelementes (12, 
52) gelegen ist und raumlich entfemt von der 
Vertiefung (26, 56) angeordnet ist, so dass der 
Kopf (16) des mit einem Knochen im Eingriff 
stehenden Befestigungselementes (11) sich 
nicht mit dem Kanal (33, 63) uberschneidet, 
wenn der Kopf (16) innerhalb der Vertiefung 
(26, 56) angeordnet ist. 

8. Anordnung (10) zur spinalen Befestigung gemass 
Anspruch 7, bei welcher: 



4. Anordnung (10) zur spinalen Befestigung gemass 
Anspruch 3, bei welcher: 30 



5. Anordnung (10) zur spinalen Befestigung gemass 
Anspruch 4, bei welcher das zweite Kompressions- 
element (13, 13') aus einem Material mit einem 
Formgedachtnis hergestellt ist und eine erste Kon- 
figuration aufweist, um innertialb der oberen Rille *5 
(39, 69) bei im Wesentlichen der ersten Temperatur 
aufgenommen zu werden, und eine verschiedene 
zweite Konfiguration aufweist bei im Wesentlichen 
der verschiedenen zweiten Temperatur, bei der das 
zweite Kompressionselement (13, 13') sich uber so 
dem Aufnahmeelement (12, 52) zusammenzieht. 

6. Anordnung (10) zur spinalen Befestigung gemass 
Anspruch 1, bei welcher: 

ss 

die Vertiefung (26, 56) innerhalb des Aufnah- 
meelementes (12, 52) in der Nachbarschaft 
des Endes am Boden desselben angeordnet 



die Anordnung (10) weiterhin ein zweites Kom- 
pressionselement (13, 13') aufweist, das aus 
einem Material mit einem Formgedachtnis her- 
gestellt ist, mit einer ersten Konfiguration bei im 
Wesentlichen der ersten Temperatur und mit ei- 
ner verschiedenen zweiten Konfiguration bei 
im Wesentlichen der verschiedenen zweiten 
Temperatur, bei der das Kompressionselement 
(1 3, 1 3') sich uber dem Aufnatumeelement (1 2, 
52) zusammenzieht; und 
das Aufnahmeelement eine auBere, ringfdrmi- 
ge, obere Rille (39, 69) in der Nachbarschaft 
des oberen Endes desselben definiert wobei 
die obere Rille (39, 69) so ausgelegt ist, dass 
sie das zweite Kompressionselement (13, 13') 
darin aufnehmen kann, wenn das zweite Kom- 
pressionselement (1 3, 1 3') sich in seiner ersten 
Konfiguration befindet, wodurch das zweite 
Kompressionselement (13, 13') sich uber dem 
Aufnahmeelement (12, 52) in der verschiede- 
. nen zweiten Konfiguration zusammenzieht, um 
das Aufnahmeelement (12, 52) uber dem ver- 
langerten Element (R, R'), das innerhalb des 
Kanals (33, 63) angeordnet ist, zusammenzu- 
drucken. 

9. Anordnung (10) zur spinalen Befestigung gemass 
Anspruch 1 , bei welcher das Aufnahmeelement (12, 
52) entgegengesetzte erste Seitenwande (32, 62) 
aufweist, die den Kanal (33, 63) definieren, und ent- 



das Aufnahmeelement (12, 52) eine auBere, 
ringfbrmige, obere Rille (39, 69) in der Nach- 
barschaft des oberen Endes desselben mit ein- 
schlieBt; und 35 
die Anordnung ein zweites Kompressionsele- 
ment (13, 13) mit einschlieBt, das konfiguriert 
ist, um innerhalb der oberen Rille (39, 69) auf- 
genommen zu werden. 
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gegengesetzte zweite Seitenwande (30, 60) zwi- 
schen den ersten Seitenwande (32, 62) mit ein- 
schliefct. 

10. Anordnung (10) zur spinalen Befestigung gemass 
Anspruch 9, bei welcher das Aufnahmeelement (1 2, 
52) einen ersten Schlitz (37, 67) enthalt, der in einer 
jedenderentgegengesetzten zweiten Seitenwande 
(30, 60) definiert ist, wobei sich ein jeder der ersten 
Schlitze (37, 67) von dem Ende am Boden aus in 
Richtung auf das obere Endes des Aufnahme- 
elementes (12, 52) hin erstreckt. 

11. Anordnung (10) zur spinalen Befestigung gemass 
Anspruch 10, bei welcher ein jeder erster Schlitz 
(37, 67) sich mit der Vertiefung (26, 56) schneidet. 

12. Anordnung (10) zur spinalen Befestigung gemass 
Anspruch 11, bei welcher ein jeder erster Schlitz 
(37) an der Vertiefung (26) endet. 

13. Anordnung (10) zur spinalen Befestigung gemass 
Anspruch 10, bei welcher das Aufnahmeelement 
(12) einen zweiten Schlitz (36) enthalt, der in einer 
jeden der entgegengesetzten Seitenwande (32) de- 
finiert ist, wobei sich ein jeder zweiter Schlitz (36) 
von dem Kanal (33) aus in Richtung auf das Ende 
am Boden des Aufnahmeelementes (12) hin er- 
streckt. 

14. Anordnung (10) zur spinalen Befestigung gemass 
Anspruch 13, bei welcher ein jeder zweiter Schlitz 
(36) sich mit der Vertiefung (26) schneidet. 

15. Anordnung (10) zur spinalen Befestigung gemass 
Anspruch 14, bei welcher ein jeder zweiter Schlitz 

(36) an der Vertiefung (26) endet. 

16. Anordnung (10) zur spinalen Befestigung gemass 
Anspruch 13, bei welcher ein jeder erster Schlitz 

(37) sich mit der Vertiefung (26) schneidet. 

17 0 Anordnung (10) zur spinalen Befestigung gemass 
Anspruch 16, bei welcher ein jeder erster Schlitz 
(37) an der Vertiefung (26) endet. 

18. Anordnung (10) zur spinalen Befestigung gemass 
Anspruch 1 0, bei welcher das Aufnahmeelement 
(52) einen zweiten Schlitz (66) enthalt, der in einer 
jeden der entgegengesetzten ersten Seitenwande 
(60) def iniert ist, wobei sich ein jeder zweiter Schlitz 
(66) von dem Ende am Boden aus in Richtung auf 
das obere Ende des Aufnahmeelementes (52) hin 
erstreckt. 

19. Anordnung (10) zur spinalen Befestigung gemass 
Anspruch 18, bei welcher ein jeder zweiter Schlitz 
(66) sich mit der Vertiefung (56) schn idet 



20. Anordnung (10) zur spinalen Befestigung gemass 
Anspruch 19, bei welcher ein jeder zweiter Schlitz 
(66) zwischen der Vertiefung (56) und dem oberen 
Ende des Aufnahmeelementes (52) end t. 

5 

21. Anordnung (10) zur spinalen Befestigung gemass 
Anspruch 20, bei welcher jeder zweiter Schlitz (66) 
in der Nachbarschaft des Kanals (63) endet. 

10 22. Anordnung (10) zur spinalen Befestigung gemass 
Anspruch 9, bei welcher das Aufnahmeelement 
(12) einen zweiten Schlitz (36) enthalt, der in einer 
jeden der entgegengesetzten ersten Seitenwande 
(32) definiert ist, wobei sich ein jeder zweiter Schlitz 

15 (36) von dem Kanal (33) aus in Richtung auf das 
Ende am Boden des Aufnahmeelementes (12) hin 
erstreckt. 

23. Anordnung (10) zur spinalen Befestigung gemass 
20 Anspruch 21 , bei welcher ein jeder zweiter Schlitz 

(36) sich mit der Vertiefung (26) schneidet. 

24. Anordnung (10) zur spinalen Befestigung gemass 
Anspruch 9, bei welcher das Aufnahmeelement 

25 (52) einen zweiten Schlitz (66) enthalt, der in einer 
jeden der entgegengesetzten ersten Seitenwande 
(62) definiert ist, wobei sich ein jeder zweiter Schlitz 
(66) von dem Ende am Boden aus in Richtung auf 
das obere Ende des Aufnahmeelementes (52) hin 

30 erstreckt. 

25. Anordnung (10) zur spinalen Befestigung gemass 
Anspruch 24, bei welcher ein jeder zweiter Schlitz 
(66) sich mit der Vertiefung (56) schneidet. 

35 

26. Anordnung (10) zur spinalen Befestigung gemass 
Anspruch 25, bei welcher ein jeder zweiter Schlitz 
(66) zwischen der Vertiefung (56) und dem oberen 
Ende des Aufnahmeelementes (52) endet. 

40 

27. Anordnung (10) zur spinalen Befestigung gemass 
Anspruch 26, bei welcher ein jeder zweiter Schlitz 
(66) neben dem Kanal (63) endet. 

45 28. Anordnung (10) zur spinalen Befestigung gemass 
Anspruch 9, bei welcher die entgegengesetzten er- 
sten Seitenwande (32, 62) im Wesentlichen flach 
sind und die entgegengesetzten Seitenwande (30, 
60) gekrummt sind. 

so 

29. Anordnung (10) zur spinalen Befestigung gemass 
Anspruch 1 , bei welcher: 

das verlangerte Element (R, R') ein Stab ist, der 
55 einen Stabdurchmesser aufweist; und 

der Kanal (33, 63) einen Kanaldurchmesser 
aufweist der im Wesentlichen der gleiche ist 
wie der Stabdurchmesser. 
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30. Anordnung (10) zur spinalen Befestigung gemass 
Anspruch 29, bei welcher die obere Offnung (28, 
58) des Kanals (33, 63) eine Weite aufweist die ge- 
ringer ist als der Stabdurchmesser. 

5 

31. Anordnung (10) zur spinalen Befestigung gemass 
Anspruch 29, bei welcher die obere Offnung (28, 
58) des Kanals (33, 63) eine Weite aufweist die in 
etwa die gleiche ist wie der Stabdurchmesser. 

10 

32. Anordnung (10) zur spinalen Befestigung gemass 
Anspruch 1, bei welcher das Aufnahmeelement(12, 
52) ferner eine nach au&en aufgeweitete Offnung 
(27, 57) von der Vertiefung (26, 56) aus bis hin zu 
dem Ende am Boden des Elementes (12, 52) defi- is 
niert. 

33. , Anordnung (10) zur spinalen Befestigung gemass 
Anspruch 1, bei welcher das Aufnahmeelement(12, 

52) femer eine Bohrung (25, 55) definiert, die sich 20 
von dem oberen Ende des Aufnahmeelementes 
(1 2, 52) aus erstreckt und mit der Vertiefung (26,56) 
in Verbindung steht, wobei die Bohrung (25, 55) 
sich mit dem Kanal (33. 63) schneidet und einen 
Bohrungsdurchmesser aufweist. 25 

34. Anordnung (10) zur spinalen Befestigung gemass 
Anspruch 33, bei welcher: 

das verlangerte Element (R, R 1 ) ein Stab ist, der 30 
einen Stabdurchmesser aufweist; und 
der Kanal (33, 63) einen Kanaldurchmesser 
aufweist der im Wesentlichen der gleiche ist 
wie der Stabdurchmesser. 

35 

35. Anordnung (10) zur spinalen Befestigung gemass 
Anspruch 34, bei welcher der Bohrungsdurchmes- 
ser groBer ist als der Durchmesser des Kanals. 

36. Anordnung (10) zur spinalen Befestigung gemass 
Ansprucri 34, bei welcher der Bohrungsdurchmes- 
ser annahernd gleich ist mit dem Durchmesser des 
Kanals. 



Anspruch 37, bei welcher die nach auBen aufgewei- 
tete Offnung (27) die Vertiefung (26) schneidet bei 
einem tieferen Durchmesser, der im Wesentlichen 
gleich ist mit dem Bohrungsdurchmesser. 

40. Anordnung (10) zur spinalen Befestigung gemass 
Anspruch 1 , bei welcher ein Teil (34, 64) der oberen 
Offnung (28, 58) des Kanals (33, 63) nach auBen 
in Bezug auf den Kanal (33, 63) gewinkelt ist. 

41. Anordnung (10) zur spinalen Befestigung gemass 
Anspruch 1 , bei welcher: 

das Aufnahmeelement (12, 52) eine Rille (39, 
40; 69, 70) definiert: und 
das Kompressionselement (13, 13') ein Ring 
ist, der dimensioniert ist urn in die Rille (39, 40 ; 
69, 70) zu passen. 

42. Anordnung (10) zur spinalen Befestigung gemass 
Anspruch 41 , bei welcher: 

ein Teil der Rille (39, 40 ; 69, 70) flach ist und 
ein verbleibender Teil der Rille (39, 40; 69, 70) 
gekrummt ist; und 

der Ring (13, 13') einen flachen und einen ge- 
krummten Teil aufweist, die im Wesentlichen 
den besagten flachen und gekrummten Teilen 
der unteren Rille (40, 70) entsprechen 

43. Anordnung (10) zur spinalen Befestigung gemass 
Anspruch 42, bei welcher der Ring (1 3, 1 3') ein ge- 
schlossener Ring ist, der das Aufnahmeelement 
(12, 52) an der Rille (39, 40 ; 69, 70) vollkommen 
einkreist. 



Revendicatlons 

1 . Ensemble de fixation vertebrale (1 0), comprenant: 

un 6l6ment allongS (R, R') configure de sorte a 
etre positionne pres de la colonne vertebrate; 



37. Anordnung (10) zur spinalen Befestigung gemass 45 
Anspruch 33, bei welcher das Aufnahmeelement 
(12, 52) ferner eine nach au!3en aufgeweitete Off- 
nung (27, 57) von der Vertiefung (26, 56) aus bis 

hin zu dem Ende am Boden des Elementes (12, 52) 
definiert. so 

38. Anordnung (10) zur spinalen Befestigung gemass 
Anspruch 37, bei welcher die nach auBen aufgewei- 
tete Offnung (57) die Vertiefung (56) schneidet bei 
einem tieferen Durchmesser, der grdBer ist als der ss 
Bohrungsdurchmesser. 

39. Anordnung (10) zur spinalen Befestigung gemass 



un element de fixation d'engagement de I'os 
(11), ledit element de fixation (11) comportant 
une partie interieure (1 5) configured de sorte a 
s'engager dans une vertebre; 

un 6l§ment de reception (1 2, 52) englobant un 
canal (33, 63) comportant une ouverture sup6- 
rieure (28, 58) au niveau de ladite extrgmite su- 
pgrieure dudit element de reception (12, 52), 
ledit canal (33, 63) 6tant configure de sorte a 
recevoir ledit 6l6ment allonge (R, R'); et 

un 6l6ment de compression (13, 13') agenc6 
autour d'une partie dudit 6l6ment de reception 
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